Abstract Thyroid paraganglioma is an extremely rare tumor and frequently mistaken for other thyroid neoplasms. Increased awareness of its potential presentation in thyroid and its characteristic features is essential for avoiding diagnostic and therapeutic pitfalls. We describe here three additional cases of primary thyroid paraganglioma and analyze their clinical findings and pathological characteristics. Patients included two women and one man presenting with asymptomatic thyroid nodules. Radiological examinations were nonspecific and none had been diagnosed correctly before surgery. On intraoperative frozen section consultation they were all misdiagnosed as carcinomas, either primary or metastatic. However, the permanent sections showed features consistent with paraganglioma. Of note, two cases displayed extension into adjacent thyroid tissues, one of which exhibited increased mitotic activity, confluent tumor necrosis and vascular invasion. Immunohistochemically, the neoplastic chief cells expressed chromogranin, synaptophysin, neuron-specific enolase and CD56, whereas the sustentacular cells were highlighted by S100 protein. All three patients were well with normal hormone secretion, without local recurrence or distant metastasis at last follow-up (range 10-47 months). We further reviewed the literature to summarize the characteristics of this distinctive entity. Albeit being very rare, paraganglioma should be included in the differential diagnosis of hypervascular thyroidal neoplasms. Accurate diagnosis relies on the histopathogical findings and adjunctive immunohistochemcial studies. To date, all the reported cases have pursued a benign course. Although atypical features seem to have no association with clinical behavior, long time postoperative surveillance with biochemical screening of hormone secretion, cervical ultrasonography and whole-body CT scan is recommended.
Introduction
Paraganglioma is a neuroendocrine tumor that originates from the neural crest-derived paraganglia of the autonomic nervous system, which is located from the skull base to the pelvic floor [1] . Although the tumor can occur in a wide variety of sites, the majority arise in the head and neck region, the superior mediastinum and the abdomen [2] . Occasionally, it may involve unusual sites where paraganglia are not normally distributed. Paraganglioma manifesting as a primary thyroid lesion is extremely rare, comprising less than 0.1 % of all thyroid neoplasms [3] . Due to the unexpected occurrence and overlapping features, thyroid paraganglioma is frequently misdiagnosed as other common types of thyroid neoplasms, which may result in inappropriate treatment. Therefore, increased awareness of its potential occurrence in the thyroid gland and familiarity with its characteristic features are important for both clinicians and pathologists to avoid diagnostic and therapeutic pitfalls. We describe here three additional cases of primary thyroid paraganglioma to enhance the recognition and broaden the morphological spectrum.
Materials and Methods
Three cases of primary thyroid paraganglioma were collected from the archival files of the Department of Pathology, Fudan University Shanghai Cancer Center, Shanghai, China. The clinical data and pathological information were obtained from the clinicians and from the medical records. The study was approved by the institutional review board. All available H&E sections were reviewed by two senior pathologists. Each case was assessed for the growth pattern of tumor cells, cell morphology, nuclear atypia, mitotic activity, presence of confluent tumor necrosis, invasion of vessels and involvement of adjacent tissues.
The immunohistochemical study was performed on deparaffinized sections by the standard EnVision technique using a panel of antibodies, including pan-cytokeratin (AE1/ AE3, dilution 1:100; DAKO, Glostrup, Denmark), epithelial membrane antigen (EMA) (E29, dilution 1:200; DAKO), thyroglobulin (DAK-TG6, dilution 1:500; DAKO), thyroid transcription factor-1 (TTF1) (SP14, dilution 1:100; DAKO), chromogranin A (DAK-A3, dilution 1:200; DAKO), synaptophysin (SP11, dilution 1:100; Zymed, California, USA), neuron-specific enolase (NSE) (E27, dilution 1:100; Zymed), CD56 (123C3, dilution 1:50; DAKO), S100 protein (polyclonal, dilution 1:300; DAKO), CD34 (QBEnd10, dilution 1:50; DAKO), calcitonin (polyclone, dilution 1:300; DAKO), carcinoembryonic antigen (CEA) (II-7, dilution 1:50; DAKO), parathormone (MRQ-31, dilution 1:50; Zymed) and Ki67 (MIB-1, dilution 1:200; DAKO). Heat-induced epitope retrieval was carried out by using a pressure cooker. For each antibody, appropriate positive and negative controls were employed throughout the study.
Results
Clinical Summary (Table 1) 
Patient 1
A 30-year-old female presented with an asymptomatic neck mass of 2 months' duration. Physical examination revealed enlargement of the left thyroid lobe. Ultrasonography showed an inhomogeneous nodule of low echogenicity located in the upper portion, measuring 3.0 9 1.5 9 1.5 cm in size. On color doppler flow imaging (CDFI), remarkable hypervascular flow signal was detected within the nodule (Fig. 1) . Emission computed tomography (ECT) revealed a cold nodule with increased uptake of iodine. Bilateral cervical computed tomography (CT) demonstrated a mass of low density with a suspicion of an adenoma (Fig. 2) . Past histories were negative for thyroid or other endocrine disorders. The laboratory examinations, including the serum high sensitive-thyrotropin (h-TSH), total triiodothyronine (TT3), free triiodothyronine (FT3), total thyroxine (TT4) and free thyroxine (FT4) were all within normal limits. At operation, the mass was ill-circumscribed, showing involvement of the recurrent laryngeal nerve. The right lobe displayed features of nodular goiter. Left thyroid lobectomy and subtotal right thyroid lobectomy were performed. On intraoperative frozen section consultation, the mass of the left thyroid lobe was considered as a medullary thyroid carcinoma (MTC). The patient recovered with uneventful course and was well with no signs of recurrence at 39-months follow up.
Patient 2
A 47-year-old male was referred to the hospital because of a right thyroid nodule that incidentally discovered during a health check. The non-tender nodule was movable with swallowing. At ultrasound assessment, it was solid and hypervascular with distorted cord-like hypoechoic structure. No cervical lymphadenopathy was detected. CT scan revealed a solitary mass with indistinct border, measuring 1.8 9 1.2 9 1.2 cm in size. The patient had no past history of thyroid disease. Serum TSH, T3, T4, and calcitonin were all within normal limits. A diagnosis of thyroid carcinoma was supposed. Fine needle aspiration biopsy (FNAB) material was insufficient to make a diagnosis. The intraoperative frozen section was reported as thyroid carcinoma with a suspicion of being metastatic. The patient underwent right thyroid lobectomy. No adjunctive therapy was administrated after surgery. He was alive and free of disease at 47-months follow up.
Patient 3
A 37-year-old female was admitted to the hospital because of a mass situated in the right anterior neck with 4-year duration. The mass was neither painful nor tender, however, it showed enlargement in recent months. The patient had no past history of thyroid diseases or other endocrine disorders and the blood pressure remained normal. Physical examination revealed a solid mass in the right lobe of thyroid. Ultrasonography showed a hypoechoic nodule in the right lobe with rich intra-nodular blood flow. The left thyroid lobe displayed features suggestive of Hashimoto's thyroiditis. Thyroid function testing and serum calcium were all within normal ranges. At operation, a well circumscribed mass was found in the upper portion of the right thyroid lobe, measuring 3.0 9 2.5 9 1.8 cm. Intraoperative pathologic consultation suggested a follicular carcinoma. Right thyroid lobectomy together with isthmus and partial left thyroid lobectomy was performed. The patient was well with no evidence of recurrent disease 10 months after surgery.
Pathological Findings
Grossly, all three tumors arose in the thyroid gland. They were ill demarcated in case 1 and case 2, but well circumscribed in case 3. On cut section, they were red-brown to tan-gray in color and soft to firm in consistency. Tumor size ranged from 1.8 to 3.0 cm (mean 2.6 cm).
Microscopically, the ill-demarcated tumor in case 1 and case 2 showed focal extension into the adjacent thyroid tissues (Fig. 3a) . By comparison, the tumor in case 3 was well separated from the thyroid tissue by a thick fibrous capsule. Under high power magnification, all three tumors showed similar features. They were composed of epithelioid to polygonal cells with eosinophilic to finely granular cytoplasm, forming nesting, organoid or trabecular patterns of growth. A rich network of delicate vessels surrounded the clusters of tumor cells, creating the characteristic 'Zellballen' structure ( Fig. 3b) . Tumor cells were generally uniform in shape with relatively bland cytomorphology, albeit scattered cells with enlarged hyperchromatic nuclei were noted in focal areas. Whereas mitotic figures were rare or absent in case 2 and case 3, they were readily encountered in case 1 (Fig. 3c) . Besides, coagulative necrosis and vascular invasion were also seen in case 1 (Fig. 3d, e) . The stroma in case 1 and case 3 was unremarkable; however, it showed extensive hyalinization in case 2, creasing a sclerosing appearance (Fig. 3f) . The thyroid tissues in the contralateral lobes of case 1 and case 3 showed nodular goiter and Hashimoto's thyroiditis respectively.
Immunohistochemical Findings
The polygonal chief cells showed strong positivity for chromogranin A, synaptophysin (Fig. 4a) , NSE and CD56. They were negative for AE1/AE3, EMA, thyroglobulin, TTF1, calcitonin, CEA and parathormone. Ki-67 index was low with \1 % in case 2 and case 3, and showing about 3 % in case 1. In each case, the staining of S100 protein highlighted the presence of elongated sustentacular cells that located at the periphery of the tumor nests (Fig. 4b) . The endothelial marker of CD34 outlined the rich vascular network. 
Discussion
Primary thyroid paraganglioma is an uncommon neuroendocrine tumor supposed to originate from the inferior laryngeal paraganglia. In our personal experience with more than 300 cases of extraadrenal paragangliomas, we have seen only 3 cases (\1 %) of paraganglioma originating within the thyroid gland. Possibly due to the rarity and unexpected occurrence in the thyroid gland, this tumor type has remained underrecognized. A comprehensive search of the PubMed showed that only 35 cases have been reported in the English literature [1] [2] [3] [4] [5] . To better understand this rare entity, we undertook a brief review of the existing literature. For analysis, the current study was also included. Apart from one case arising in a 9-year-old girl which was described in Italian [30] , all the other cases have been described to occur in adult patients with age ranging from 24 to 78 years (median, 48.5 years; mean, 48.2 years).
There is a marked predilection for female patients, with a male to female ratio of 1:5.3. Clinically, most patients presented with an asymptomatic neck mass. In 2 cases, thyroid paraganglioma was associated with synchronous carotid body paraganglioma [3, 23, 29] . In another case, the tumor was accompanied with papillary thyroid carcinoma, parathyroid adenoma and bilateral carotid body paragangliomas [6] .
To date, none of the reported cases had been diagnosed correctly by radiological examinations before surgery. Ultrasonography typically reveals a solid hypoechoic nodule in the thyroid gland with no significant difference from other relatively common types of thyroid neoplasms. By thyroid scintiscan, the tumor frequently appears as a 'cold nodule' [4] , although a 'hot nodule' was reported in one case [10] . CT scan displays a thyroid mass of low density, usually being considered benign.
Fine needle aspiration biopsy is considered to be a highly sensitive and specific assessment in the work up of thyroid lesions. However, thyroid paraganglioma is rarely suspected by FNAB. Of 17 cases with FNAB, only 1 case was interpreted as a carotid body tumor, whereas 4 cases were mistaken for MTC, 3 cases with suspicion for malignancy, 2 cases as follicular carcinoma, 1 case as Fig. 2 CT scan showed an oval-shaped noncalcifying mass in low density located in the left thyroid lobe (arrow) Fig. 1 Sonographic image demonstrated an ovoid hypoechoic mass apparently in the left lobe of the thyroid gland. Color dopper evaluation revealed extreme hypervascularity of the mass papillary thyroid carcinoma, 2 cases described as atypical cells not helpful for diagnosis, and the other 4 cases were not diagnostic due to excessive blood.
At surgery, except for one case in which the tumor was immediately adjacent to the gland [4] , all the other tumors were described to develop in the thyroid parenchyma. Of these 37 cases, 13 cases were described to have a nodule located in the left lobe, 14 in the right lobe, 4 in the isthmus, and 1 involved both right and left lobes [5] . The exact location of the tumor in the remaining 5 cases remained unknown. The tumor was encapsulated in 22 cases, partially encapsulated in 6 cases, 2 of which showed focal capsular invasion. Eight cases were nonencapsulated and the remaining 2 cases were unknown. Most tumors were confined within the thyroid capsule. However, in 10 cases the tumors showed extrathyroid invasion, extending into the adjacent organs of trachea, subglottic larynx, esophagus and mediastinum, or involving the recurrent laryngeal nerve [2, 7, 9, 12, 13, [17] [18] [19] [20] . In the latter instance, resection of the tumor was very difficult which might result in temporary vocal cord paralysis [2, 12] .
Thyroid paraganglioma was frequently misdiagnosed on intraoperative consultation. Among the 22 cases with frozen sections, only 1 case was initially considered to be a paraganglioma [7] . The other cases were misinterpreted as a variety of thyroid diseases, including MTC (n = 10), follicular carcinoma (n = 3), and 1 case each as metastatic carcinoma, anaplastic carcinoma, malignant small cell tumor, Hürthle cell carcinoma, follicular pattern tumor, benign neoplasm, and being inconclusive or deferred for permanent sections. Histologically, thyroid paragangliomas are quite similar to extra-adrenal paragangliomas at other sites. They are composed of two types of cells, namely polygonal chief cells and elongated sustentacular cells. Tumor cells formed distinctive nesting or organoid growth pattern (Zellballen), recapitulating the structure of normal paraganglion. Cytologically, 17 cases (45 %) showed bland appearance, 16 (42 %) exhibited focal nuclear pleomorphism, and 5 (13 %) displayed moderate to severe nuclear atypia. Mitotic figures were generally rare in most cases. Of note, 3 cases showed vascular invasion [7, 19] , 1 case in the current study displayed infiltration of vascular spaces within the tumor capsule. Confluent tumor necrosis was only documented in 1 case [18] . In addition, prominent stromal sclerosis and hyalinization was described in 2 cases [12] . Despite the atypical features suggestive of malignancy, none of the reported cases showed aggressive behavior [16] . In the current study, 1 case displayed extension into adjacent thyroid tissues, increased mitotic activity, confluent tumor necrosis and vascular invasion. The patient was well and free of disease at 39-months follow up.
With regard to the malignancy in paraganglioma, the diagnostic criteria rely on the evidence of metastasis. No histopathological parameters have been shown to be predictive of clinical behavior. Although a few tumors displayed worrisome morphological features, malignant transformation has not been described in a thyroid paraganglioma thus far. Nevertheless, close follow up with radiological surveillance is warranted.
Due to architectural similarities, thyroid paraganglioma may be misdiagnosed as other types of thyroid neoplasms. In particular, the tumor is frequently misdiagnosed as MTC. Both tumors consist of nesting and organoid cell clusters. The coexpression of neuroendocrine differentiation makes the distinction further complicated. As the management of the disease and follow-up strategy vary greatly, it is essential to make a distinction between these two entities. In contrast to paraganglioma, the stroma of the MTC usually contains amyloid material which can be stained by Congo red. MTC originates in the parafollicular C cells of the thyroid gland. Therefore, MTC is characterized by positive staining with calcitonin. The positivity of epithelial markers and lack of S100 positive sustentacular cells also facilitate the differential diagnosis. Occasionally, rare cases of MTC may be negative for calcitonin [13] , and paraganglioma may be positive for calcitonin or cytokeration [7] , which might make the distinguishing problematic. Indeed, without the preoperative presentation of elevated calcitonin and CEA levels, the case termed as paraganglioma-like MTC by Bockhorn et al. [14] is almost indistinguishable from a paragangolioma. In such instances, the biochemical markers play an important role in the final diagnosis. A recent study based on complementary DNA arrays suggested combination of calcitonin gene-related protein/calcitonin with three proteins expressed in paraganglioma, namely nicotinamide adenine dinucleotide dehydrogenase 1 alpha subcomplex, 4-like 2, cytochrome c oxidase subunit IV isoform 2 and vesicular monoamine transporter 2, are considered to be useful in the differential diagnosis [15] . However, more cases are needed to reach a final conclusion.
Another thyroid neoplasm that may cause confusion with paraganlioma is hyalinizing trabecular tumor (HTT), also known as paraganglioma-like adenoma. HTT is a thyroid tumor of follicular cell origin with a trabecular pattern consisting of cells arranged around delicate vessels. There is marked intratrabecular hyalinization in the tumor. By immunohistochemistry, HTT is positive for thyroglobulin and TTF1 with unique membraneous expression of Ki-67. In addition, parathyroid adenoma can lie within the thyroid parenchyma, in which neoplastic cells are arranged in solid sheets, nodular, trabecular or follicular patterns, and the stroma is generally sparse but richly vascularized, which sometimes mimics paraganglioma. Moreover, both neoplasms show positive immunostaining for chromogranin A, making the differential diagnosis more difficult. Fortunately, immunostaining with PTH is of great help in differentiating parathyroid adenoma from paraganglioma, since the former one shows positive staining for PTH. Other lesions which might be less confused with paraganglioma include atypical follicular adenoma, Hürthle cell neoplasm, metastatic carcinoid tumors and rarely metastatic alveolar soft part sarcoma. The microscopic findings in combination with a panel of immnostains will allow distinction in most cases [8, 16] .
Although Van Duinen et al. [31] demonstrated that up to 29 % of head and neck paraganglioma had detectable active catecholamine synthesis, the vast majority of paraganglioma in the head and neck region are non-secretory [32] . Cases of functional thyroid paraganglioma associated with multiple endocrine neoplasia had never been reported. In spite of this, postoperatively biochemical evaluation of catecholamines and metanephrines secretion are needed in patients with thyroid paragangliomas so as to exclude another possible primary functional tumor, as well as imaging evaluation for multicentric and metastatic disease. As the diagnosis of the current 3 cases was made postoperatively, we were not able to measure 24-h urinary catecholamines, vanilmandelic acid (VMA), and metanephrine before surgery. However, these hormone excretions were measured after surgery and all were within the normal range. CT scan of the whole-body did not demonstrate any evidence of multicentric tumor, local recurrence, distant metastasis or concurrent neoplasia.
Approximately 10 % of patients with paragangliomas are familial, which are a consequence of germline mutations in succinate dehydrogenase B (SDHB), C (SDHC), D(SDHD), or SDH assembly factor 2 (SDHAF2) [11] . In the current study, the absence of family history or other chromaffin tumors (e.g. pheochromocytoma) excluded the possibility of inherited disease. However, Fishbein et al. [32] demonstrated that all patients with head and neck paraganglioma should have genetic testing, since over half of these patients have an identified germline mutation in one of the known susceptibility genes. They also indicated that germline mutation in SDHB is the only currently reliable predictor of malignancy in pheochromocytomas and paragangliomas [32] . In addition, mutations in succinate dehydrogenase may activate an angiogenic pathway that ultimately leads to tumorigenesis [11] . Given these important implications, it is suggested that all patients with these rare tumors undergo possibly genetic testing. However, germline mutation testing in primary thyroid paraganglioma is seldom performed, with only one report by Zantour et al. [1] discovering a new germline mutation in SDHB gene. We also failed to perform genetic testing of germline mutations in these genes. Genetic testing and the signification of germline mutation of the succinate dehydrogenase genes in thyroid paraganglioma are worthy to be investigated further in larger series.
In summary, thyroid paraganglioma is a rare neuroendocrine tumor which may be confused with other common types of thyroid neoplasms. Preoperative examinations are usually not diagnostic. Immunohistochemistry plays an important role in the differential diagnosis. Although atypical features may be observed in some cases of thyroid paraganglioma, they seem to have no association with clinical behavior. Nevertheless, long-term follow-up should be scheduled and postoperative surveillance, including cervical ultrasonography, whole-body CT, and 24-h urine catecholamine levels, is recommended. Increasing understanding of the underlying somatic genetic and genomic changes is also needed to provide insights into the biology of this tumor, as well as new targets for novel therapeutics.
